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(54) Adapative transceiver architecture for real time allocation of communications resources in a 
satellite based telecommunication system 

(57) An adaptive transceiver architecture which 
reallocates communications resources in real time 
based on the amount of bandwidth being used in com- 
munications channels in the system. The transceiver 
receives communications signals from a plurality of 
communications beam spots. Each communications 
beam spot has a predefined bandwidth divided into non- 
overlapping subbands. The transceiver further com- 
prises a plurality of front end signal conditioners for 
receiving communications signals from an equal plural- 
ity of communications beam spots. A predetermined 
number of the conditioned signals are then combined by 
an interconnect. The interconnect receives composite 
signals from the front end signal conditioners, and it 
combines at least first and second communications sig- 
nals from first and second respective composite signals 
to form an output processing signal. The first and sec- 
ond communications signals are received by the 
receiver from first and second communications beam 
spots, respectively, and the first and second composite 
signals are output from the first and second correspond- 
ing front end signal conditioners. 
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Description 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an architec- 
ture for a satellite transmitter/receiver subsystem in a 
satellite based telecommunications system. More spe- 
cifically, the present invention relates to an adaptive 
transmit and receive architecture which reallocates 
communications resources in real time based on the 
amount of bandwidth being used by the system to sup- 
port communications channels. 
[0002] The Federal Communications Commission 
(FCC) has recently made available for commercial use 
certain bandwidth spectra in the 26 to 40 GHz fre- 
quency range. In response to the availability of this new 
high frequency range, several communications compa- 
nies have bid for and obtained portions of this spectrum 
from the FCC to use in trying to develop systems of 
communicating through one or more satellites around 
the globe at very high data rates. Today, fast modems 
operate at a data transmission rate of 56 kilobits per 
second. The newly proposed satellite communications 
systems operating at frequencies between 26 to 40 
GHz have data transmission rates on the order of 10 
megabits per second or higher, approximately 200 
times greater than the data transmission rate of today's 
fast modems. 

[0003] These new satellite based telecommunica- 
tions systems have been proposed to provide voice 
and/or date communications links between user termi- 
nals (mobile and fixed) and earth stations. The earth 
stations, in turn, connect the user terminals with remote 
originating/destination callers through public land 
mobile networks (PLMN), public switching telephone 
networks, other earth stations, other satellites, and the 
like. Each user terminal communicates with an 
assigned earth station along corresponding forward and 
return links which are supported by a satellite which has 
the user terminal and earth station in its field of view. 
[0004] Each satellite includes at least one antenna 
which defines its earth coverage region or footprint. The 
satellite antenna(s) divide the coverage region into mul- 
tiple beam spots. Each beam spot is assigned at least 
one frequency subband along which communications 
signals travel in the forward and return directions 
between user terminals and earth stations. Each sub- 
band may support communications from a plurality of 
user terminals. The user terminals are assigned unique 
transmission channels or "circuits" within an associated 
subband. A channel or "circuit" represents a unique 
path along which the corresponding user terminal trans- 
mits and receives radio frequency (RF) signals contain- 
ing discrete frames or packets of communications data 
and/or command information. A channel or circuit may 
be defined in a variety of ways, depending upon the sys- 
tem's coding technique, such as time division multiple 
access (TDM A), frequency division multiple access 



(FDMA), code division multiple access (CDMA) or any 
combination thereof. 

[0005] Fig. 1 generally illustrates a block diagram of 
a conventional receiver architecture of a telecommuni- 

5 cations satellite. The receiver architecture includes an 
uplink antenna 1 wilt N beams 3 corresponding to N 
respective geographic supercells. Each beam 3 is 
divided into a predetermined number of subbands 5. 
The subbands 5 have been numbered from 1 to 553. In 

io the example of Fig. 1 , each beam 3 includes seven sub- 
bands 5. For purposes of illustration only, it is assumed 
that each beam 3 is divided into seven subbands 5 each 
of which corresponds to a unique carrier frequency. 
[0006] Each user terminal is assigned to one varia- 

15 ble output broadcast matrix 7 that corresponds to one 
beam. There are N variable output broadcast matrices 7 
contained in the receiver architecture of Fig. 1 (e.g., in 
the uplink structure) corresponding to the N beams into 
which the overall footprint of the satellite is divided. 

20 Each beam 3 of the satellite's uplink antenna is divided 
into seven subbands 5 and therefore in the examples of 
Fig. 1, a 7x7 output broadcast matrix 7 is used. That is, 
the variable output broadcast matrix 7 can have up to 
seven inputs and seven outputs. Thus each variable 

25 output broadcast matrix 7 can handle communications 
signals from user terminals in up to seven subbands. 
The N variable output broadcast matrices 7 are con- 
nected to RF downconverters 9 (e.g., L01-L07). Each 
downconverter 9 processes seven subbands associ- 

30 ated with the beam corresponding to that 7x7 broadcast 
matrix 7. Within one given broadcast matrix 7, each 
user terminal is allocated an amount of frequency band- 
width based either on a peak (or full) bandwidth capac- 
ity, or on a "butter-spread" capacity. 

35 [0007] Where the frequency bandwidth is allocated 
using peak capacity, one channel for one user terminal 
will occupy all seven subbands within the beam 3. A sin- 
gle channel may be defined in terms of a single chip 
code and time slot for a system using both CDMA and 

40 TDMA techniques. Thus, a single channel may use the 
seven subbands 5 being fed into a broadcast matrix 7 to 
form a single communications signal from one user ter- 
minal. Once this signal is fed into the broadcast matrix 
7, the matrix allocates a portion of the signal to each of 

45 the seven variable local oscillators (LOI - L07) or down- 
converters 9 at the output of the matrix 7. The L01 -L07 
downconverters 9 mix the input signal to a correspond- 
ing predetermined carrier frequency. The mixed output 
signals of the downconverters 9 are then filtered by a 

so bandpass filter 1 1 , summed by a seven -way summer 
15, and then processed by the analog to digital (A-D) 
converter 1 7 dedicated to the particular beam through 
which the communications signal was received. 
[0008] When the bandwidth is allocated in an "but- 

55 ter-spreading" manner, each channel, and thus each 
user terminal, occupies a single subband 5 within the 
beam 3. After each of the seven signals are fed into the 
broadcast matrix 7 t the broadcast matrix 7 passes the 
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seven signals to their corresponding downconverters 9 
at the output of the matrix 7. The downconverters 9 mix 
corresponding input signals to, a predetermined carrier 
frequency. The outputs of the downconverters 9 are 
then individually filtered by a respective bandpass fitter 5 
1 1 , summed by a seven-way summer 1 5, and then proc- 
essed by the analog to digital (A-D) converter 1 7 which 
is dedicated to the particular beam by which the user 
terminals' signals are received. 

[0009] In order for satellite based telecommunica- 10 
tions systems to operate, each satellite in the system 
must contain sufficient processing hardware to accom- 
modate the maximum amount of information being 
transferred at any instant in time. Heretofore, conven- 
tional systems required that each satellite contain a 15 
separate processing unit or hardware subsystem for 
each beam of the satellite. For example, a satellite with 
100 beams must contain 100 separate, individual 
processing units. As satellites move across regions of 
the earth that differ in population density, the demands so 
of any given satellite greatly fluctuate. 
[0010] Various factors affect the congestion of 
users in each beam spot at any given moment in time. 
Accordingly, a system requiring a separate processing 
unit for each individual beam is extremely inefficient 25 
when several beam spots are supporting little or no 
communications channels. For example, as the time of 
day changes, the number of active users in a given 
beam spot or footprint rapidly changes. At 8:00 AM in 
New York City, the number of users in that geographical 30 
area is high, while at the same time, it is 5:00 AM in Los 
Angeles and thus the user activity and, more generally, 
the user population in that area is likely to be quite low. 
Similarly, at 5:00 PM in Los Angeles, the number of 
active users is likely to be much higher in LA. than in 35 
New York City, where it is 8:00 PM. Prior art systems 
have addressed the foregoing issue in one of two ways. 
One approach has been to determine before the fact the 
most efficient use and allocation of processing hard- 
ware. A second approach has been to assume maxi- 40 
mum demand 100% of the time and provide sufficient 
hardware in every satellite to handle the demand. In the 
former situation, satellites are designed to provide much 
lower processing capabilities for beamspots which 
cover areas with few user terminals. In other words, sat- 45 
ellites and/or beam spots that are expected to cover 
less populated areas (or areas that are projected to 
have few users) are built with limited transmit- 
ter/receiver hardware resources. However, a given sat- 
ellite will be used for many years. Thus, the potential so 
exists for change in the geographic population. Satel- 
lites of the former design cannot account for increases 
in demand or in population. Thus if, for example, the 
future population is underestimated for a given area, the 
resulting lack of communication capacity would be very ss 
expensive in the long run since a new satellite would be 
required. 

[0011] On the other hand, in the latter situation, 



each satellite contains sufficient hardware to provide 
the maximum amount of processing capability for every 
one of that satellite's beam spots. A beam spots compa- 
bility would then only be limited by the available band- 
width and channels capable of being supported by the 
available bandwidth. Thus, a beam spot that covers Chi- 
cago will have the same amount of channel or circuit 
capacity as a beam spot that covers central Africa. This 
is a very inefficient use of resources. Further, the extra 
hardware required to support the maximum number of 
channels would require a heavier launch vehicle, create 
unnecessary complexity, and require a greater amount 
of power consumption. The power consumption would 
be larger because a processor for any given beam must 
operate at full capacity regardless of whether one or 
one-thousand user terminals are communicating within 
that beam spot coverage area. This results in an 
extremely inefficient use not only of processing 
resources, but of power consumption as well. 
[0012] As explained above, the foregoing telecom- 
munications satellite transceiver structure has met with 
limited success, as the transmitter/receiver hardware is 
unduly complex and/or inefficient. A need remains for 
an improved satellite transmitter/receiver architecture 
(hereafter transceiver). 

OBJECTS OF THE INVENTION 

[0013] It is an object of the present invention to 
maximize the overall efficiency of a satellite telecommu- 
nication system. 

[0014] It is a further object of the present invention 
to minimize the amount of transceiver and digital hard- 
ware necessary for each satellite in a satellite based tel- 
ecommunication system to process all signals within its 
coverage area. 

[0015] It is a further object of the present invention 
to minimize the amount of power consumed by each 
satellite in a satellite based telecommunication system. 
[0016] It is a further object of the present invention 
to minimize the number of digital processors being user 
by a given satellite at any moment in time. 
[0017] It is a further object of the present invention 
to minimize the total number of digital processors built 
into the hardware of a satellite. 

[0018] It is a further object of the present invention 
to minimize the complexity of the processing hardware 
used in a satellite based telecommunication system. 
[0019] It is a further object of the present invention 
to minimize the weight of each satellite used in a satel- 
lite based telecommunication system. 
[0020] It is a further object of the present invention 
to provide a system capable of reallocating digital 
processing resources of a satellite telecommunication 
system based on the number of users operating within 
the system at any given time. 

[0021] These and other objects are achieved by a 
transceiver subsystem for a telecommunications satel- 
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lite which includes an interconnect that in the receiver 
structure, combines communications signals so that 
more than one signal may be processed by a single dig- 
ital processor, and in the transmitter structure, allows a 
single wideband modulator to be used to code signals to 
be transmitted to multiple destinations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 illustrates a block diagram of a conventional 
uplink receiver architecture of a telecommunica- 
tions satellite. 

Fig. 2 illustrates a block diagram of an adaptive 
uplink receiver architecture of a telecommunication 
satellite in accordance with a preferred embodi- 
ment of the present invention. 
Fig. 3 illustrates a block diagram of an adaptive 
downlink transmitter architecture of a telecommuni- 
cation satellite in accordance with a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] As explained above, the present invention 
relates to an adaptive transmit and receive architecture 
which reallocates communications resources in real 
time based on the amount of bandwidth being used by 
the system. An example of when communications 
resources may be reallocated due to changes in band- 
wicfth is when the number of active users in a given 
beam spot rapidly changes as the time of day changes. 
More specifically, as illustrated above, when it is 8:00 
AM in New York City, the number of users in that area is 
high, while at the same time, it is 5:00 AM in Los Ange- 
les and thus the user activity and, more generally, the 
user population in that area is likely to be quite low. Sim- 
ilarly, at 5:00 PM in Los Angeles, the number of active 
users is likely to be much higher in LA. than in New York 
City, where it is 8:00 PM. 

[0024] Fig. 2 illustrates a block diagram of an adap- 
tive uplink receiver architecture of a telecommunica- 
tions satellite. The receiver includes an antenna 50 for 
receiving communications signals from user terminals 
and earth stations (not shown). The communications 
signals pass from the antenna 50 to a front end signal 
conditioner 74 which conditions the received signals for 
digital processing to form a composite communications 
signal. The composite signals are output to an adaptive 
interconnect 72. 

[0025] Similar to conventional systems, each user 
terminal within a geographic supercell communicates 
over a particular subband 54, each subband 54 carrying 
communications signals. Further, each subband 54 is 
associated with a variable output broadcast matrix 56 
that corresponds to one beam 52. The components of 



the front end signal conditioner 74 are also similar to 
conventional receiver structures. If N beams 52 are 
associated with a given satellite, there will be N corre- 
sponding variable output broadcast matrices 56 con- 

5 tained in the transceiver uplink structure. Any value for 
N may be used for the present invention. However, in 
accordance with the preferred embodiment, it is 
assumed that there are 79 beams 52 in the satellite's 
uplink antenna, and each of these beams 52 is divided 

10 into seven subbands 54. Because the preferred embod- 
iment assumes seven subbands per beam, a 7x7 output 
broadcast matrix 56 is accordingly used. Therefore, 
each broadcast matrix 56 can handle communications 
signals from user terminals in a maximum of seven sub- 

rs bands. The 79 variable output broadcast matrices 56 
are connected to seven RF downconverters 58 (i.e., 
L01-L07), and each down converter 58 corresponds to 
one of the seven subbands 54. Within one broadcast 
matrix 56, each user terminal is allocated a frequency 

20 bandwidth based either on a peak (or full bandwidth) 
capacity, or on a butter-spread capacity as explained 
above. 

[0026] In the embodiment of Fig. 2. the downcon- 
verted signals from the front end signal conditioner 74 

25 are transmitted to the interconnect 72. In the intercon- 
nect 72, the signals are passed to N 1 :n switches 66. 
The value for n may correspond to the minimum number 
of A-D processors 70 necessary to allow a satellite to 
operate at maximum capacity. Thus, n may be deter- 

30 mined by the bandwidth capacity of the individual A-D 
converters 70, and the overall communication capacity 
of the satellite. For example, in a situation where the A- 
D converters 70 are able to process signals within a 500 
MHz bandwidth, and the satellite is able to handle 8000 

35 MHz of bandwidth, then the satellite must have 16 A-D 
processors 70 in order to be able to operate at maxi- 
mum capacity. Thus, n would equal 1 6. Throughout the 
remainder of this specification, it is assumed that a 1 :16 
switch is used for the purpose of illustration. 

40 [0027] The 1:n switches 66 direct the communica- 
tions signals to one of n N:1 summers 68 with which the 
t:n switches 66 are interconnected. The signals are 
directed to one of the n N:1 summers 68 in a predeter- 
mined manner explained below. As explained above, N 

45 is the number of beams into which the footprint of the 
satellite is divided. For the purpose of illustration 
throughout the remainder of this specification, it is 
assumed that 79 beams exist within the footprint of any 
given satellite (i.e. N = 79), and thus the 1 :16 switch 66 

so is interconnected with a 79:1 summer 68. 

[0028] The combination of the plurality of 1:n 
switches 66 interconnected with the plurality of N:1 
summers 68 is referred to hereinafter as the intercon- 
nect 74. The general purpose of this unique component 

55 of the present invention is to allow the receiver to fill up 
the capacity of a first digital processor 70a before utiliz- 
ing a second processor 70b. For example, assuming in 
a system using 500 MHz processors, a first beam 52 is 
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receiving 1 00 MHz of communications signals, a sec- 
ond beam 52 is receiving 150 MHz of communications 
signals and a third beam 52 is receiving 200 MHz of 
communications signals. Thus, the total bandwidth 
being used within these three beams 52 is 450 MHz. In 5 
a system not employing an interconnect 74 as in the 
present invention, three 500 MHz processors, having a 
cumulative capacity of 1500 MHz, would be necessary 
in order to process the 450 MHz bandwidth currently 
being communicated over the three beams. However, in 10 
a system utilizing an interconnect 74, as in the present 
invention, the interconnect 74 may direct the signals 
from each of the three beams into a single 500 MHz 
processor. The interconnect 74 routes signals to a sin- 
gle processor 70a or 70b by using the 1:16 switches 66 75 
corresponding to the first, second and third beams to 
direct the respective communications signals to the 
inputs of the same 79:1 summer 68a. The 79:1 summer 
68a then combines the three signals and directs them to 
a common processor 70a. The switching controls of the 20 
interconnect 74 are accomplished by a microprocessor 
76 receiving appropriate control commands from either 
a local or global ground station. 

[0029] Finally, the processor 70 which processes 
the original signals transmitted by each of the user ter- 25 
minals within the satellite's coverage area. The proces- 
sors 70 form converted digital signals which are 
subsequently demodulated, sent to a router and then 
transmitted to the predetermined destination. 
[0030] Fig. 3 illustrates a block diagram of an adap- 30 
tive transmitter architecture of one satellite in a satellite 
based telecommunication system in accordance with 
the present invention. The transmitter architecture 
includes n wideband modulators 30, from which the 
modulated signals pass through an interconnect 48 to 35 
one of N back end signal conditioners 46. The signals 
are then transmitted to a predetermined destination. 
The operation of the transmitter architecture is dis- 
cussed in more detail below. 

[0031] In the transmitter architecture, all digital 40 
communications data to be transmitted will be fed into 
one of n preassigned wideband, digital modulators 30, 
where the digital communications data will be converted 
to an appropriate processed frequency, forming modu- 
lated signals. Similar to the receiver structure, the value 45 
for n corresponds to the minimum number of wideband 
digital modulators necessary to allow a satellite to oper- 
ate at maximum capacity. Thus, in a situation where the 
wideband digital modulators 30 are able to convert up to 
500 MHz of bandwidth to the appropriate processed f re- so 
quency, and the satellite is able to handle 8000 MHz of 
bandwidth, then the satellite may have 16 wideband dig- 
ital modulators 30 in order to be able to operate at max- 
imum capacity. Thus, n would equal 16. In general, the 
value for n in a receiver will equal the value for n of a ss 
transmitter. A 1 :16 switch is assumed for the purpose of 
illustration. 

[0032] After modulation, the n modulated signals at 
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the outputs of the n respective wideband digital modula- 
tors 30 are fed into an interconnect 48. The interconnect 
48 includes n 1:N splitters 32 and N switches 34. As 
with the receive structure in Fig. 2, N is assumed to be 
79 for purposes of illustration. Each of the n splitters 32 
power divides its respective modulated signal, resulting 
in N reduced amplitude signals at the outputs of each 
splitter 32. These reduced amplitude signals are then 
directed to any one of N 1 :n switches 34. Any of these N 
switches included in the interconnect 48 may combine 
more than one power divided signal to form a transfer 
signal. The purpose of the interconnect 48 is to allow 
the transmitter to use each wideband digital modulator 
30 to modulate more than one communications signal. 
[0033] From the output of the N switches, the N 
resulting multiplexed output signals are conditioned by a 
corresponding back end signal conditioner 46. The first 
step in the signal conditioning process of the multi- 
plexed signals at the outputs of the N switches is to 
power divide each of these signals by a back end splitter 
36. The transmitter architecture may comprise N back 
end splitters 36. In the preferred embodiment of this 
invention, each of the N back end splitters 36 may divide 
its corresponding input into seven reduced amplitude 
communications signals. These seven signals at the 
outputs of each back end splitter 36 correspond to 
seven non-overlapping subbands 47 which make up 
one associated beam 43. 

[0034] The reduced amplitude signals at the 7 out- 
puts of the back end splitters 36 then pass through a 
corresponding switch 38 before passing through a 
band-pass filter 40. The switches 38 in the back end sig- 
nal conditioners are either open or closed depending on 
whether the corresponding output of the splitter 36 feed- 
ing into the particular switch 38 contains data. 
[0035] After being filtered by the band-pass filters 
40, the filtered signals are upconverted by a corre- 
sponding variable upconverter 42 to a predetermined 
carrier frequency. Similar to the switches 38 and filters 
40, there are 7 variable upconverters 42 within each 
back end signal conditioner 46, each upconverter corre- 
sponding to an individual subband 47 within an associ- 
ated beam 43. 

[0036] Once converted to their predetermined car- 
rier frequencies, the communications signals are multi- 
plexed by an associated broadcast matrix 44 (similar to 
the broadcast matrices of the receive architecture). As 
in the receive architecture, there are N broadcast matri- 
ces (one for every back end signal conditioner corre- 
sponding to a beam), and these broadcast matrices 44 
are able to handle seven inputs and seven outputs 
according to the preferred embodiment. As already dis- 
cussed with the receiver architecture of the present 
invention, the number of inputs and outputs to each 
broadcast matrix depends on whether the frequency 
bandwidth is allocated using a peak capacity or butter- 
spread capacity scheme. 

[0037] When the frequency bandwidth is allocated 
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using peak capacity, one user terminal will occupy all 
seven subbands 47 within the beam 43. Thus, of the 
potential outputs from the broadcast matrix 44, only one 
such output will contain a signal to be transmitted to a 
user terminal. Thus, the broadcast matrix 44 takes the 5 
portion of this single output that is initially allocated to 
each of the seven inputs and combines them to form a 
single output. 

[0038] When the frequency bandwidth is allocated 
in a butter-spreading manner, each of the seven user 10 
terminals occupies a single subband 47 within the asso- 
ciated beam 43. Thus, each of the converted signals at 
the outputs of the variable upconverters 42 corresponds 
to one subband of the transmitting bandwidth of the 
associated beam. is 
[0039] Finally, the signals at the outputs of the 
broadcast matrices 44 are passed through correspond- 
ing power amplifiers 45 and then transmitted to their 
predetermined destination locations by the downlink 
antenna 49 of the satellite. 

[0040] While particular elements, embodiments 
and applications of the present invention have been 
shown and d esc r toed, it will be understood, of course, 
that the invention is not limited thereto since modifica- 
tions may be made by those skilled in the part, particu- 
larly in light of the foregoing teachings. It is, therefore, 
contemplated by the appended claims to cover such 
modifications as incorporate those features which come 
within the spirit and scope of the invention. 

Claims 

1 . A transceiver subsystem for a telecommunications 
satellite, comprising: 

an antenna for transmitting and receiving com- 
munications signals over a plurality of commu- 
nications beam spots, each communications 
beam spot having a predefined bandwidth 
assigned thereto, said bandwidth being divided 
into non-overlapping sub-bands, a set of sub- 
bands combining to form one communications 
beam spot; 

a plurality of front end signal conditioners for 
conditioning communications signals to and 45 
from an equal plurality of communications 
. beam spots, each front end signal conditioner 
processing communications signals from a cor- 
responding communications beam spot to out- 
put an associated composite signal, each so 
composite signal comprising communications 
signals from at least one subband from a corre- 
sponding communications beam spot; and 
an interconnect, receiving said composite sig- 
nals from said front end signal conditioners, for ss 
combining at least first and second communi- 
cations signals from first and second respec- 
tive composite signals to form an output 
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processing signal, said first and second com- 
munications signals being received by said 
receiver from first and second communications 
beam spots, respectively, said first and second 
composite signals being output from first and 
second corresponding front end signal condi- 
tioners. 

The system according to claim 1 , wherein each of 
said front end signal conditioners further comprises 
a plurality of downconverters, each downconverter 
reducing the frequency of the input signal of a cor- 
responding subband from a carrier frequency to a 
predetermined processing frequency. 

The system according to claim 1 , wherein each of 
said front end signal conditioners further comprises 
a plurality of band-pass filters, each band-pass filter 
passing said predetermined processing frequency 
corresponding to one subband. 

The system according to claim 1 , wherein each of 
said front end signal conditioners further comprises 
a plurality of switches, each of said witches for 
selecting a corresponding communications signals 
received over a subband, each subband associated 
with one of said front end signal conditioners. 

The system according to claim 1, wherein a first 
front end signal conditioner further comprises a cor- 
responding front end summer to combine at least 
two communications signals from corresponding 
subbands associated with a first communications 
beam spot, to form a corresponding first composite 
signal. 

The system according to claim 1 , wherein one com- 
munications signals from a first front end signal 
conditioner, from a corresponding subband associ- 
ated with a first communications beam spot, forms 
a corresponding first composite signal. 

A transmitter subsystem for a telecommunications 
satellite, comprising: 

a plurality of wideband modulators for modulat- 
ing corresponding digital communications data 
onto a predetermined processed frequency, 
forming processed signals; 
an interconnect, receiving said processed sig- 
nals from said plurality of wideband modula- 
tors, for distributing said processed signals 
among a plurality of communications beam 
spots via a plurality of back end signal condi- 
tioners to form transfer signals, each communi- 
cations beam spot having a predefined 
bandwidth divided into non-overlapping sub- 
bands, a set of subbands combining to form 



BNSDOCID: <EP 0994577A2„L> 




11 EP0994577A2 

one communications beam spot; and 
a transmitter for transmitting said transfer sig- 
nals over said plurality of communications 
beam spots to predetermined destinations. 

5 

8. The system according to claim7, wherein said inter- 
connect comprises a plurality of input splitters, each 
of said input splitters corresponding to one wide- 
band modulator, said input splitters used for split- 
ting each of said processed signal into 10 
predetermined number of distinct outputs. 

9. The system according to claim 8, wherein said 
interconnect further comprises at least one summer 

for joining a combination of said distinct outputs to 75 
form at least one multiplexed output signal. 

10. The system according to daim 7, wherein each of 
said back end signal conditioners further comprises 

a back end splitter for splitting each of said multi- 20 
plexed output signals into at least one communica- 
tions signal. 

11. The system according to claim 10, wherein each of 
said back end signal conditioners further comprises 25 
a plurality of band-pass filters, each band-pass filter 
passing one of said communications signals. 

12. The system according to claim 1 1 , wherein each of 
said back end signal conditioners further comprises 30 
a plurality of upconverters, each upcortverter corre- 
sponding to one subband, and each upcortverter 
increasing the frequency of each of said communi- 
cations signals from a processing frequency to a 
carrier frequency. 35 



40 



45 



50 



55 



7 

DOC ID: <EP 0994-577 A 2_l_> 



EP0 994 577 A2 





DOCID: <EP 0994577A2_I_> 



9 



EP 0 994 577 A2 




10 

4 



BNSDOCID:<EP 0994577A2 I > 

■4 



EF* 0 9M 577 A2 




DOCID: <EP 0994577A2TL> 



8 




BNSDOCID; <EP 0994577A2TI_> 



9 



EP 0 9M S77 A2 




30 



"V" 

46 




/I 

49 




* * » — 



547^ 



j52 
653 



46 



FIG. 3 



DOCID: <EP 0994577A2TI_> 



10 




THIS PAGE BLANK (uspto) 



